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Introduction Thermal performance requirements
of new buildings have increased significantly over the
last decade; part of a dynamic programme to reduce
CO2 emissions and energy consumption.
A preliminary survey carried out by the author
examined the type of insulation materials used in
timber framed wall constructions in 2000 and in 2011.
The data provided statistical evidence demonstrating
that a significant change in the type of material used
had taken place. In 2000 the dominant form of
insulation was mineral wool (78% sole material); in
2011, only 9% of construction relied solely on mineral
wool, with polymeric foams accounting for 62%; 27%
utilised a mix of mineral wool and polymeric.*
The change in construction form and insulation
material, driven by the energy efficient, sustainable
agenda has been rapid; fire safety development has
not kept pace with this trend (Torero, 2010); Krause et
al (2012), argue that the role of fire safety is
indispensable, and form an integral part of design.

Why establishing material interactions is
important Whilst the emissivity, conductivity, and
thermal inertia of polymeric insulation differs
significantly from that of mineral wool, little is known
of the effect its decomposition in fire has on the
constituent components of timber frame walls. Whilst
manufacturers of polymeric insulation can provide
evidence of good results of specific timber frame fire
testing, the data does not contain details of how the
individual wall components interact. Knowledge of
these interactions are essential if we are to
understand the potential implications of design
decisions, the significance of construction defects, and
the necessary actions for safe and effective fire
fighting.
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Figure 1. 50 kW/m2 radiant panel test carried out on a
timber framed wall panel using H-TRIS
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Laboratory Fire Testing
Fire tests were carried out at Edinburgh University’s
Rushbrook facility between January and June 2015
on timber frame panels. The panels comprised
75mm (placed between 95x45mm timber studs),
120mm phenolic insulation, and 145mm mineral
wool between 145x45mm timber studs, and installed
in accordance with the manufacturer’s literature. All
panels were faced with 12.5mm Type A plasterboard,
and incorporated a polyethylene vapour barrier. A
sheet of 9.5mm orientated strand board (OSB) was
fixed to the rear face. Panels P2, P4 and P7 were
exposed to an incident heat flux (HF) of 30kW/m2,
panels P1, P3 and P6 utilised 50kW/m2, all used the
H-TRIS apparatus (Maluk et al 2012).

Figure 2. Recorded temperatures on rear face of plasterboard.
The author wishes to express gratitude for the use of Edinburgh University’s fire
testing laboratories and the support received by members of staff at that facility.

The effect of fire on thermally efficient walls
containing polymeric insulation
Analysis of the data collected demonstrated that in the
tests carried out, neither insulation type nor thickness
directly affected plasterboard failure time. The higher
incident heat flux was responsible for shortening the second
dehydration phase, thereby shortening the plasterboard’s
insulation and integrity period.
A correlation was found to exist between increased phenolic
insulation thickness and increased cavity and insulation
surface temperature.
Contrary to the initial hypothesis, panel P1, containing
145mm mineral wool, HF 50kW/m2 exhibited the earliest
plasterboard failure, and both highest temperature gradient
and overall temperature (Figure 2 above). Varying the cavity
width may see this trend reversed; Hopkin et al (2011)
noted significantly higher unexposed plasterboard face
temperatures in the presence of polymeric insulation.
Both phenolic and mineral wool insulation materials were
found to offer some shielding to the timber studs faces.
The inclusion of a polyethylene vapour barrier resulted in an
resinous bond between plasterboard and stud framing. Its
inclusion may have some significance in slowing radiative
heat transfer at plasterboard edges due to timber char
shrinkage, as discussed by Clancy (2001)
Combustion of phenolic insulation core demonstrated a
source of fuel, absent in the mineral wool panels. Figure 5
opposite shows the combustion and pyrolysis boundaries in
a sample extracted from a test panel.
Whilst no significant swelling or distortion of the insulation
was recorded, on removal of the incident heat flux, and
following a period of cooling, the phenolic foam was found
to escalate from smouldering to flaming combustion Figures
3 and 4.

Figure 4. Ignition of rear sheathing panel
The sheathing ignition occurred forty minutes
after the incident heat flux had been
withdrawn, following sustained phenolic
insulation combustion.

Figure 5. Partial pyrolysis of a 120mm thick
phenolic insulation test sample.

Conclusion
Figure 3. Thermocouple data for TC2 and TC3, panel P3-75-P.
Incident heat flux 50kW/m2 ; duration 30 minutes..
Temperature decline on removal of incident heat flux, (Fig.3)
followed by steady increase resulting from re-ignition of
phenolic foam. Thermocouples TC 2 and TC3 were located
within the insulation 20mm and 40mm respectively from
rear face of plasterboard.

The standard fire tests alone, on which much is
based, are unable to convey important detail
on material interactions in fire.
The use of untested and unsuitable material
arrangements may expose building occupants
and fire fighters to some
degree of
unpredictability
and non uniformity in
component behaviour. Developing our
understanding of material behaviour is key.

